Per capita meat consumption in Chile is 89.1 kg per year in 2014, of which approximately 25 kg are beef. Some 50% of the beef consumed is imported as vacuum packaged meat from two species, Bos taurus, produced mainly in Chile, Argentina and Paraguay, and Bos indicus, which comes mainly from Brazil and Paraguay. The latter two countries account for the highest levels of beef imports in Chile. The objective of this investigation was to study and compare the fatty acid profiles of beef from Bos Taurus from Chile and Bos indicus from Paraguay and Brazil. Samples of vacuum packaged Longissimus dorsi muscle tissue were collected from private companies, two Chilean, three Paraguayan and two Brazilian. The fatty acid profiles were determined by GLC according to standardized regulations. There were differences in the fat profiles of the analyzed meats, mainly in the content of saturated and monounsaturated fatty acids. Brazilian and Paraguayan beef had similar fat compositions, with higher saturated fat content and lower monounsaturated fat content than the Chilean beef. The saturated and monounsaturated fat contents in the Chilean beef were similar. All the analyzed beef samples had a low content of trans and polyunsaturated fats.
Introduction
Meat consumption in Chile is at an historic high. According to the DDEPA (Chile, 2014), per capita meat consumption was 89.1 Kg, 3.5% over what was recorded for 2012 (87.5 kilos). Df this volume, 37.5 Kg was poultry, 26.6 Kg pork and 24.4 Kg beef. Beef production in 2013 continued the rising trend of previous years, with a cumulative increase since 2010 of 6.4%. However, despite the increase production is not meeting demand and meat imports fill the gap. Currently, of the 24.4 kilos of beef sold per capita per year, 50% is imported. Omported beef in refrigeration (vacuum packaged) comes from two species Bos taurus taurus, which is produced in Argentina and Uruguay, and Bos taurus indicus, which comes mainly from Brazil and Paraguay, the latter two countries being the major sources of imported beef to Chile (Chile, 2014) .
Fat and the fatty acid composition of muscle and adipose tissue significantly affect the quality of meat, in particular its nutritional value (Wood et al., 2008) and palatability (Smith et al., 2004) . The main factors determining the fatty acid content are the species and feeding. Ruminant muscle fat has high saturated fatty acid content as a result of microbial biohydrogenation in the rumen (Aurousseau et al., 2004; Jenkins et al., 2008) . This fat is characterized by low levels of essential fatty acids like linoleic (C18:2w6) and linolenic acid (C18:3w6), which could be due to the reductive effect of ruminant bacteria on double bonds, producing saturation of fatty acid (Wood et al., 2008) . Some authors have also suggested the saturated fatty acid content can be modified, given that one of the variables affecting this content is the diet of the animal. Manner et al. (1984) and Mitchell et al. (1991) observed that omega-3 fatty acids predominate in animals fed on diet with high forage content (grass, hay and silage, while omega-6 predominates in animals fed on cereals and concentrates, in particular linoleic acid, with concentrations ten times as high as those of omega-3. Elmore et al. (2004) observed the effect of diet on all fatty acids except for conjugated linoleic acid (CLA), with a higher polyunsaturated/saturated fatty acid ratio in animals fed on concentrates and a higher percentage of total lipids in the animals fed on silage. On terms of species, Huerta-Leidenz et al. (1993) documented significant differences in fatty acid composition between Bos Taurus and Bos indicus, the former having a higher content of saturated fatty acids and lower mono and polyunsaturated fat content.
Ot is known that saturated fatty acids (SFA) present in animal fat significantly raise the levels of serum cholesterol and of cholesterol in low-density lipoproteins, which are atherogenic. The United Nations Food and Agriculture Drganization (FAD) and the World Health Drganization (WHD) (1994) recommend SFA intake not exceed 10% of total energy and linoleic acid intake of 4 to 10%. Given that the recommended total fat intake is 30% of total energy, monounsaturated fatty acids (MUFA) should provide the difference between polyunsaturated fatty acids (PUFA) and SFA in a 1:1:1 ratio. As well, the ratio of the PUFAs omega-6 and omega-3 should be in the range of 5:1 to 10:1 as a maximum (Food and Agriculture Drganization of the United Nations, 1994). 
Materials and methods

Materials
The meat samples, taken from the long dorsal muscle (Longissimus dorsi) and vacuum packaged with 30 days of storage, were obtained from five meat-importing companies, three Paraguayan and two Brazilian, and from two meatpackers in Chile. Five samplings were made, in each of which two samples of meat were obtained. The samples were taken in their original vacuum packaging to the Food Analysis Laboratory of the Technology Faculty of the Universidad de Santiago where the name, origin, date and weight were registered and they were assigned identification numbers. On the laboratory the samples were homogenized in a food processor (Moulinex, model D56) and then divided into two portions that were placed in hermetic bags and refrigerated at 3 to 5 °C. Dne of the sample pairs was kept as a counter sample and the other was used for extracting fat and subsequent analysis in triplicate of the fatty acid profile.
Total lipid extraction and fatty acid composition
A mixture of chloroform and methanol (2:1 v/v) was used to extract fat in accordance with Bligh & Dyer (1959) , Association of Dfficial Analytical Chemist (2016).
Fatty acid composition was determined by liquid-gas chromatography following preparation of methyl esters according to OSD 5509 standards, using NaDH 0.5M for saponification, isooctane as the solvent and boron trifluoride-methane as the esterifying agent (Spanish Association for Standardization and Certification, 2017). A Perkin Elmer gas chromatograph was used with a BPX 70 column (SGE) 60 m long and 0.25 mm in internal diameter, with an ionization flame detector and employing helium as the carrier gas. The operating parameters were as follows: injector temperature 250 °C in the split mode, detector temperature 250 °C, column temperature 150 °C for 5 minutes and then 198 °C for 20 minutes, with an increase of 5 °C per minute, followed by a second temperature ramp of 4 °C per minute until reaching 220 °C for a final time of 10 minutes, a carrier gas flow of 1 ml per minute and an injection volume of 0.5 ul. A fatty acid standard mixture (Nu-Check Prep, Onc.) was used to identify the fatty acids by comparing retention times of the standard mix to those of the samples. This yielded a fatty acid profile expressed percentages of methyl esters. An ANDVA (P < 0.05) was applied to assess significant differences among the samples, using Excel® 2010.
Results
Tables 1, 2 and 3 show the fatty acid profiles of meat from Brazil, Paraguay and Chile, respectively. On the statistical analysis only some fatty acids presented significant differences among meat samples from the same source. Significant differences (P < 0.05) were found in Brazilian meat in the content of polyunsaturated fatty acids (PUFA). Something similar was observed with the Paraguayan meat, where there were no significant differences (P < 0.05) in two samples of PUFA content, and only one of sample had a significantly higher different content (P < 0.05). No significant differences (P < 0.05) in the fatty acid content of the two analyzed samples of Chilean meat.
On terms of the types of fatty acids in the meats, the Brazilian and Paraguayan meats had high levels of oleic (C18:1w9) and palmitic acids (C16:0), representing around 37% and 27%, respectively. Dn the other hand, linoleic acid (C18:2w6) content was low (3%) linolenic acid (C18:3w3) content was even lower (around 0.3%). Trans fatty acids (TFA) were also found in both types of meat, including elaidic acid (C18:1t) On contrast, the Chilean meat had a high oleic acid content (43%) and consequently a lower content of palmitic acid (around 20%). The linoleic acid content in the Chilean meat (around 1.9%) was somewhat lower than that of the Brazilian and Paraguayan meats, while the linolenic acid was higher in the Chilean meat (up to 1%). Table 4 presents the total fat and saturated (SFA), monounsaturated (MUFA), polyunsaturated (PUFA) and trans fatty acid (TFA) content of the analyzed meat samples.
There were no significant differences (P < 0.05) in the total contents of the Paraguayan and Brazilian samples, which were close to 5.4g/100g, while the Chilean meat samples had significantly lower levels (P < 0.05) of 4.5g/100g on average. This implies the same situation with SFA and TFA content, which in the Paraguayan and Brazilian meat were 3.0 g/100 g and 0.06 g/100 g respectively, while in the Chilean meat the SFA Values are the average of n ± D.S, n = 5 compound sample = 2, analysis in triplicate; Averages in the same row without the same letters are significantly different (P < 0.05)
Fatty acid profiles of bovines from Chile, Paraguay and Brazil and TFA contents were 2.1g/100g and 0.12 g/100g, respectively. However, no significant differences (P < 0.05) were found among the Paraguayan, Brazilian and Chilean meat samples in MUFA and PUFA content.
Discussions
The results of this study confirm that there are differences in the fatty acid content in meats from animals of different species, confirming what was reported by Huerta-Leidenz et al. (1993) , who also indicated that there are other factors, such as feed, sex and age, that can alter total fat content and the content of particular fatty acids. Thus, the fat profile of meat from Brazilian and Paraguayan animals showed content of over 50% of SFA and low levels of PUFA, corroborated by the low PUFA/SFA ratio. On terms of the types of PUFA, high levels of the omega-6 family were found, corroborated by the ω6/ωw3, indicating that this type of mean is of regular nutritional value. On contrast, the fat in the Chilean meat had lower levels of SFA, close to 46%, and higher levels of MUFA, around the percentage as SFA. However, it had a higher TFA content than the Paraguayan and Brazilian meat samples, close to 2.5%. Ot has been argued that MUFA reduces the risk of coronary disease and some cancers (Efrén et al., 2007) , because of which this a higher content of these fatty acids improves the perception of consuming such meats. The Chilean meat also had a higher content of stearic (C18:0) and oleic acid (C18:1ω6), the former being the only acid that has a neutral effect on blood cholesterol levels and the latter being apparently beneficial in reducing blood cholesterol and total cholesterol in low density lipoproteins in humans (Grundy, 1986) . The Chilean beef presents a significantly lower ω6/ωw3 ratio than the Paraguayan and Brazilian beef, which indicates greater beneficial content of linolenic acid (C18:3ω3), undoubtedly as a result of the type of animal feed.
On terms of the fat content of the analyzed meats, the Paraguayan and Brazilian meats had a higher of fat, with average values of 5.3g/100g, while the Chilean meat had an average fat content Table 2 . Fat content and fatty acid profile in bovine muscle tissue of the species Bos indicus from three Paraguayan companies, expressed as percentages of methyl esters. Values are the average of n ± D.S, n = 5 compound sample = 2, analysis in triplicate; Averages in the same row without the same letters are significantly different (P < 0.05). Values are the average of n ± SD, n = 5 compound sample = 2, analysis in triplicate; Averages in the same row without the same letters are significantly different (P < 0.05).
of 4.5g/100g. On terms of the content of saturated, which is a recognized factor in increased blood cholesterol and low-density lipoprotein (LDL) levels, the Chilean meat lower levels than the Brazilian and Paraguayan meat, with a content of 2.1 g/100 g. This, together with the content of monounsaturated fat in the Chilean meat changes the negative perception of consuming beef and even encourages its consumption.
Conclusions
The results of the present research demonstrate that there are significant differences in the fat composition of beef sold in Chile, from Brazil, Paraguay and Chile in terms of saturated and monounsaturated fat content with significant differences in fat content. Brazilian and Paraguayan beef have similar fat content, which was expected given that they come from the same species, Bos indicus, with higher saturated fat content and lower monounsaturated content. On contrast, the Chilean beef from the species Bos taurus has similar levels of saturated and monounsaturated fat. All the analyzed meats had low trans and polyunsaturated fat content, which is characteristic of the fat of ruminants. Average values of n ± SD, n = 5 compound sample = 2; Averages in the same row without the same letters are significantly different (P < 0.05).
